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ABSTRACT
Title of the thesis: Research on the competition structure of Container Terminals
in the Yangtze River Delta
Degree:

Master of Science in International Transport and Logistics

With the development of international trade, the change of customers’ need, the
expansion of container ship size and the improvement of technology, the competition
environment of port industry became more complicated. In many existing researches,
port industry is directly considered as oligopoly, but there is no specific empirical
analysis. This article enriches the empirical study of Industrial Organization in port
industry.

Under the changeable condition, having a clear judgment about the competition
structure of Yangtze River delta is vitally important. First, the traditional structural
method is applied. The calculation of market absolute concentration ratio and HHI
can make a preliminary analysis about the competition structure of Chinese coastal
port and Yangtze River delta port group.

Then Considering the disadvantage of structural method, non-structural method
(Panzar-Rosse model) is adopted. The financial data of 9 Container Terminal
corporations in Yangtze River delta port group are collected. Time period is 2007 to
2012. The Panzar-Rosse model is based on panel data. By testing, there is a fixed
effect in the panel data of port industry. The H-statistic means a sum of elasticity
about three input price (firm operation, capital stock and labor) to total revenue. The
result of H-statistic is near 0, which means the competition structure of Yangtze
River delta is nearly oligopoly.
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1 INTRODUCTION
1.1 Background and significance of the dissertation
1.1.1 Research background
The globalization and regionalization of world economy develops rapidly with the
21st century coming. In the meantime, world shipping industry and port industry is
changing. Since the trend of integration of world economy continues to accelerate,
the growth rate of world trade is higher than that of global economy. At present, a
majority of volume of international trade is done by marine transportation.

From review of the development of world port industry in recent years, following
three aspects have changed: 1) Marketization of port production. The port industry is
based on several non-renewable resources; natural monopoly is the primal
characteristic of this industry. After 90’s, with the development of economic
globalization, international port competition became increasingly fierce which forces
many countries’government to relax monopoly control of the port then reform the
market.2) High efficiency of port operation. Containerized shipping and large scale
of container ship are the development trend of ocean transportation. This increases
the requirements of port depth, shore space and land areas. Increased vessel speed
and capacity also promotes the application of computer technique on port
management.3) Internationalization of port enterprises. More and more international
investors and operation managers participate in the construction of hub port.

Chinese ports have huge influence on world port industry. China has a large
population, vast territory and abundant resources. The coastline of China is about
18,000 kilometers. There are almost 1,500 ports, and more than 130 ports open to the
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outside world. The geographic location is a perfect advantage for China.

In August 16th, 2006, the State Council of China passed a plan about the layout of
Chinese coastal port. The coastal port has been divided into 5 ports group according
to the condition, character and relationship of economic development in different
region: Bo Hai Coastal Region, Yangtze River Delta, Southeast Coastal Region,
Pearl River Delta and Southwest Coastal Region. This plan ensures the healthy and
orderly development of port industry. Furthermore, there are 16 listed Port
Corporation including seaport and river port.

This paper mainly studies the competition structure of the Yangtze River Delta Port
Group .The Yangtze River Delta is located along the coast. It is an extremely natural
advantage. And the economic growth rate of this region is in a leading position. The
Yangtze River Delta includes two provinces and one city (Jiangsu province, Zhejiang
province and Shanghai) which connects vast Inland Waterway network. Total
coastline is about 3500 kilometers, accounting for 21% of China. The rich resources
of shoreline become a solid foundation for the development of Shanghai port,
Ningbo port, Nanjing port, Zhangjiagang port, Nantong port, Jiangyin port,
Zhenjiang port, Taicang port and numerous ports.

In conclusion, under the changeable condition, having a clear judgment about the
competition structure of Chinese Port Industry is vitally important. Port competition
and cooperation of the Yangtze River Delta is also necessary. And Chinese
government can constitute reasonable policy to improve the international impact of
Chinese Port.
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1.1.2 Research significance
Since China entered into WTO in 2001, the development of foreign trade of China
gained great achievement. As a hub of the transportation network, port had a
significant effect on the rapid development. And the development of international
port can not only improve the economic growth of port city, but also enhance
external communication and promote international cooperation. In recent years, the
degree of competition of transportation market is growing in intensity. The system of
market economy is tending perfect. Then the competitiveness of port industry
appears gradually. And this becomes an important issue.

This dissertation is based on Industrial Organization. The subject investigated is the
Yangtze River Delta port group and related container terminal limited corporations.
From this point of view, the significances of discussing the market competition
structure of Chinese port industry are listed as followed:

In theory, this dissertation is on the basis of previous study of market structure on
banking business, insurance industry and shipping industry. Market structure of
Chinese port and Yangtze River Delta port group is analyzed by criteria in
Structure-Conduct-Performance. A non-structural method--Panzar-Rosse Model is
also applied to make empirical implementation of container terminal limited
corporations. The empirical results reflect the accurate market condition of Chinese
Port Industry.

In practice, this dissertation has great significance to improve the competitiveness of
Chinese Port Industry, such as quality of service and port efficiency. And the
research also provides reference and empirical basis to draw up the competitive
policy of Chinese Port Industry.
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1.2 Literature review of market structure
There are quite many references in China and abroad discussing about market
structure. The degree of competition is often used to describe and judge market
structure. Among shipping literature, many studies analyze the competition of liner
shipping industry theoretically. Few of them use mathematical model.

The main method of testing the degree of competition can be divided into two types:
structural approaches and non-structural approaches. Earlier literatures mainly use
SCP Model (Structure-Conduct-Performance) in traditional Industrial Organization
Technology to analyze the degree of competition. With the development of
non-structural approaches, this kind of method has some obvious advantages. The
scholars who agree with New Empirical Industrial Organization start to use BL
model (Bresnahan, Lau, 1982) and Panzar-Rosse Model (Panzar, Rosse, 1987) to
measure the market structure.

1.2.1 Literature review of structural method
(1) Introduction of Structural Approaches
There are two kinds of structural approaches—SCP Model and ES Model. which
consider that competition will influence companies’ conduct and performance and
the degree of competition is related with market structure.

SCP Model is suggested by Harvard School (Mason, 1939; Bain, 1951).
Structure-conduct-performance hypothesis says that structural characteristics of a
market can decide the conduct of firms, then company operation will influence
market performance. This means there is a positive relation between market share,
concentration and market power. Normally, Concentration Ratio (CR) and
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Herfindahl-Hirschman Index (HHI) can measure the degree of competition in SCP
Model.

ES Model is suggested by Chicago School (Demsetz, 1973; Peltzman, 1977) which
criticizes SCP Model. This theory says that performance is the exogenous variable of
market structure. Companies which have high efficiency lead to centralization of
market structure, because this kind of companies acquire market share by low price
and maximize the profit. Normally, Lorena curve and Gini Coefficient can measure
the degree of competition in ES Model.

(2) Empirical implementation of Structural Approaches
The Scholars at home and abroad usually use SCP Model to make empirical
implementation in Banking, Insurance, Security, and Shipping Industry. The
application of ES Model is less.

In English literatures, Christa Sys (2009) used CR, Lorenz curve, HHI and Gini
coefficient to measure the market structure of Container Liner Shipping Industry
(CLSI), and then made a conclusion that CLSI was an oligopoly. Maria B. Lekakou,
Thomas K. Vitsounis (2011) concentrated on the market concentration of Greek
coastal shipping lines. They found a high level of market concentration and a
seasonality pattern in supply and demand. Yeong-seok HA, Jung-soo SEO (2013)
calculated CR4 and HHI of Korea liner shipping companies between 1992 and 2004.
They considered that Korea shipping industry was in a highly competitive
environment.

In Chinese literatures, in the field of shipping industry, Huang Shunquan (2004)
calculated CR of international CLSI between 1994 and 2003, and he concluded that
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CLSI was in oligopoly with an increasing market concentration. Zhou haixia (2006)
utilized SCP to analyze the global liner transport market and pointed out that the
international container liner transport market is in the low oligarchy monopoly state.
Li Na, Zhong Ming and Liu Jianchun (2006) applied market concentration ratio and
HHI on four specific shipping routes and compared the market structure of these four
different routes. Zhu Yiqiu, Zhang Qi. (2006) studied the degree of monopoly of
container liner shipping in Chinese market from the aspect of CR, market power and
monopoly behaviors and thought that Chinese liner shipping market has reached the
extent of medium oligopoly.

In the field of port, Wang Hui, Fu Ce and Chen Yan (2007) analyzed the market
structure of Chinese port from concentration ratio and monopoly and found that
Chinese port market was in the low oligopoly. Liu Xiaolei, Xu Ping (2007) studied
the monopoly trend of Chinese container port group by analyzing the condition of
investment and operation. Zhou Xin, Ji jianhua (2009) made an empirical
implementation of different port groups in China about structure and concentration.
They considered that port industry had the obvious characteristic of oligopoly.

1.2.2 Literature review of non-structural method
(1) Introduction of Non-Structural Approaches
New Empirical Industrial Organization (NEIO) tries to simulate and estimate the
conduct of firms and focus on the data at firm level in a specific industry. This theory
put emphasis on the market power in an industry and analyzes the market structure
of this industry. It prefers comparative static analysis rather than accounting data to
estimate marginal cost and market power.

This method emphasizes on the influence of non-structural factors to competition
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conduct. Non-structural approaches include Iwata Model, BL Model and
Panzar-Rosse Model. In non-structural approaches, Lerner index, H-statistic, Net
interest revenue/Total asset (NTMTA) and Return on Assets (ROA) can reflect the
degree of competition.

(2) Empirical implementation of Non-Structural Approaches
The Scholars at home and abroad usually use H-statistic proposed by Panzar-Rosse
Model to investigate competition in banking, security industry, Newspaper industry
and Transportation industry. The application of Iwata Model and BL Model is less,
because these two models are data-intensive. Some microcosmic data, cost data and
sector statistics are difficult to gain.

In English literatures, Jacob A. Bikker, Katharina Haaf (2002) examined competition
conditions and market structure of European banking industry by using
Panzar–Rosse model. The results indicated monopolistic competition for all 23
countries. Yoshiro Tsutsui, Akiko Kamesakab (2005) studied the competition
condition of Japanese securities industry between 1983 and 2002 by Panzar-Rosse
Model. The results were that in 1991–1996, Japanese securities industry was in
monopoly equilibrium, while in 1983–1988 and 1997–2002 this possibility can be
rejected. Anthony N. Rezitis (2010) used three non-structural approaches (PR, BL
and Hall–Roeger models) to examine competition conditions in the Greek banking
industry between 1995 and 2004. The results of these three models showed a shift
from perfect competition to monopolistic completion. Samuel Fosu (2012)
investigated the degree of competition in African sub regional banking markets by
Panzar–Rosse model. The results showed that African banks were in a monopolistic
competition environment.
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In the field of transportation, Thorsten Fischer, David R. Kamerschen (2003) applied
the Panzar–Rosse model to assess market performance in selected airport-pairs
originating from Atlanta. Christa Sys, Hilde Meersman and Eddy Van De Voorde
(2011) used Panzar–Rosse model to examine the competition conditions of CLSI.
The result of H-statistic reflected that CLSI operated in a monopolistic competition
condition.

In Chinese literatures, literatures related with market structure which use
non-structural approaches are in the field of Banking, Security industry, Insurance
industry and Financial Industry. Zhang Yiduo (2010) adopted Panzar–Rosse model
to assess the market structure in Chinese Banking Industry and made a conclusion
that city commercial banks were under conditions of monopolistic competition from
1998 to 2007. Xu Min (2011) utilized Panzar-Rosse model to estimate the market
structure of Chinese Banking Industry during 1999-2009 and found that Chinese
banking industry belonged to the monopolistic competition; meanwhile the degree of
competition has strengthened gradually. He Miao (2012) studied the degree of
competition in Chinese Financial Market by using Panzar-Rosse model. The
empirical results showed that during 2004-2010, Chinese financial industry was in
the structure of monopolistic competition. Zhao Peng (2012) applied Panzar-Rosse
model on Chinese securities industry. The conclusion was that Chinese current
securities industry was in Monopolistic competition.

1.3 The framework and content of the dissertation
The products of container terminals do not have mobility, which determines that the
competition has the characteristic of regional. In other words, the competition
relationship of container terminals only exists in the adjacent or the same shipping
areas. There is no competition among container terminals which are located at
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different shipping area, such as ports in the Southeast Asia and Europe.

This paper puts emphasis on the competition of various port corporations in one port
group. There are more than two container terminal corporations which have different
subjects of investment in the Yangtze River delta. These companies are facing same
customer groups. So the competition between them are unavoidable. Competition
participants are container terminal limited corporations. The purpose is to strive for
customers, maximum market share and reasonable net profit. The main research is
based on structural and non-structural method to measure the competition structure
of container terminals in Yangtze River delta.

1.3.1 Primary coverage
There are five chapters in this paper. The contents are listed as follow.
Chapter1:Introduction.This chapter mainly introduces the development history of
port industry, summarizes the domestic and foreign literatures related to the
industrial organization theory and puts forward the main research point.

Chapter2: This chapter is based on the traditional structural method, and a
preliminary analysis is made about the competition structure of Chinese coastal port
and Yangtze River delta port group. The calculation of
concentration ratio and
competition

HHI

can measure

the

market

degree

of

absolute
market

and monopoly.

Chapter3: This chapter is based on the non-structural method, and Panzar-Rosse
model is established for Yangtze River delta port group. Combined with the actual
situation of the market, the appropriate dependent variables and independent
variables are selected to apply in Panzar-Rosse model.
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Chapter4: This chapter is the empirical study of Panzar-Rosse model in Yangtze
River delta port group. First, a test should be made about the applicable conditions of
the Panzar-Rosse model (whether the market is in the long-term equilibrium).Then, 9
large container terminal limited corporations are selected as the research object.
Financial data is collected from 2007 to 2012. After solving the model, the result of
H statistics can measure the structure of one industry.

Chapter 5: This chapter is the conclusion and prospect of research. According to the
empirical results, a conclusion can be made about the competition structure of
Yangtze River delta port group. Then this chapter concludes the reasonable
explanations and the future prospects in this research field.
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1.3.2 Research technical route
Absolute Market Concentration

HHI

Research on the Competition structure of
Container Terminals in the Yangtze River Delta

Non-Structural Method

Structural Method

Apply Panzar-Rosse Model to
measure competition degree

Unit Root Test
Building Panzar-Rosse Model

Variables selection for
Panzar-Rosse Model

F Test、HausmanTest
Competition Test

Equilibrium test

Calculating H statistic

Empirical Analysis

Conclusion and Prospect

Figure 1-1 Research technical route

11

Wald Test

2 ANALYSIS OF COMPETITION DEGREE OF YANGTZE RIVER DELTA
PORT GROUP: BASED ON STRUCTURAL METHOD
In general, structure refers to the relationship between various elements of one
certain industry and the characteristics of these elements. Industrial organization
theory has two kinds of market structures which are narrow sense and broad sense.
The first one prefers the theory that demanders contribute the market and one certain
market is consisted of suppliers. However，the second one insists that the market
structure is the characteristics and the patterns of the market formed by the inside
rival companies.

Basically market structure, the origin and the key point of the industrial organization
theory, is used to reveal the both the degree of completion and the monopoly of one
certain market which play an import role in the formation of market price. Market
structure includes four patterns: perfect competition market, monopolistic
competition market, oligopoly and monopoly markets which are sorted descending
by the level of competition and ascending by the level of monopoly.

There are many key factors which affect market structure such as market
concentration ratio, market entry and exit barriers, product differentiation, scale
economy, the price elasticity of market demand, the growth rate of market demand
and short-term cost structure. All these factors interact on each other which indicate
that one single change would change the other parts which in return have an
important effect on the whole industrial market structure. Details comparison
between these four market structure patterns can be found in the Table 2-1.
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Table 2- 1 Comparison between Market Structure Patterns
Market Structure Perfect

Monopolistic

Oligopoly

Monopoly

Pattern

Competition

Competition

Market

Market

Property

Market

Market

Industrial

Very Low

Low

High

Very High

Indifference

Huge

Slight

Indifference

Indifference

Indifference

No Barriers

Easy

Hard

Very Hard

Lower

Low

High

Higher

Concentration
Product
Differentiation
Entry and Exit
Barriers
Economies of Scale

This chapter is based on the traditional structural method. The calculation of
market

absolute concentration ratio and

market

competition

HHI

can measure

the

degree

of

and monopoly of Chinese coastal port and Yangtze River

delta port group.

2.1 Brief Introduction of market concentration ratio
Market concentration ratio is used to show that in a particular market or industry,
how is the relative scale structure of demander or supplier. The study of the number
of market participants and the degree of participation can reflect the specific
market monopoly power and competition degree. In the theory of industrial
organization, mainstream method of analyzing an industry is to measure the degree
of concentration, market concentration is a primary factor when measuring market
structure of one industry.

Market concentration ratio is mainly divided into three kinds: absolute concentration
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ratio ( CRn ), relative concentration ratio (Lorenz curve and the Gini coefficient) and
the Hirschman-Herfindahl Index (HHI). CRn and HHI are used in this chapter.

2.1.1 Absolute Concentration Ratio
Absolute concentration ( CRn : formula 2-1) which represents the cumulative market
share of the top n firms is one of the most basic index to measure the degree of
market concentration. We can get CRn by calculate the proportion of the output
(sale saleroom, the number of employees, total assets, etc.) of top n firms over the
output of one certain market. A lot of researches indicate that the absolute of top 4
firms ( CR4 ) is the best choice to evaluate the competition condition.
(2-1)

CRn -- The absolute concentration for n enterprises.

. All the enterprises

follows the descending order of market share;

n -- The number of the top firms we choose, 4 or 8 is always the best choose;

xi -- The output (sale saleroom, the number of employees, total assets, etc.) of the
firm i ;

x -- The output (sale saleroom, the number of employees, total assets, etc.) of the
total market;

Si -- The market share for firm i ;
The greater CRn is, the more powerful the top n firms are. Bane classified the
competition condition to 7 levels to estimate exact competition condition. Detail
information about the 7 classifications can be found in Table 2-2.

14

Table 2- 2 Bane’s classification for competition condition
Market Type

CR4

CR8

Number of Firms
in the Market

High Oligopoly A

>=75%

<=20

High Oligopoly B

>=75%

20～40

Highly concentrated

65%~75% >=85%

20～100

Oligopoly
Middle

50%~65% 75%~85% A lot of firms

(upper)concentrated
Oligopoly
Middle

35%~50% 45%~75% A lot of firms

(lower)concentrated
Oligopoly
Low concentrated

30%~35% 40%~45% A lot of firms

Oligopoly
Atomic(competition)

<=30%

<=40%

Vast firms, no Concentration

Origins of data: [US] J·S·Bane, Industrial Organizational Theory [M]

Although absolute concentration is quite useful, absolute concentration Ratio still
has the disadvantage that it only focus on the top firms which cannot
comprehensively

reflect

the

distribution

of

firms.

So

we

introduce

Hirschman-Herfindahl Index to perfect the analysis.
2.1.2 Hirschman-Herfindahl Index (HHI)
Hirschman-Herfindahl Index (HHI) takes both the number and the market share of
the seller enterprises into account to remedy the disadvantage of Absolute
Concentration Ratio. HHI can be gotten by summing the square of market share of
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each enterprise. To use the HHI more conveniently, we enlarge the HHI to 10,000
times. The modified HHI is as follows:
(2-2)

n -- The number of the firms in the market;

Si -- The market share of firm i ;
HHI  [10, 000 / n，
10, 000] ;

The larger HHI is, the more concentrated the market is and the lower the degree of
the competition is. When HHI is approaching 0, the target market is under perfect
competition market. On the other hand, when HHI is approaching 10,000, the target
market is a perfect monopoly market. If HHI is lower than 1000, the target market is
under competition market. If HHI between 1000 and 1800, the target market is
relatively concentrated. If HHI is larger than 1800, the target market is quite
concentrated. Since HHI has been widely used by the USA from 1980, United States
Department of Justice gave a detail interpretation about HHI. Detail information can
be found in Table 2-3.

Table 2- 3 Standards for HHI
Market

Oligopoly Market

Competition Market

Type
High

High

Low

Low

Competition

Competitio

Oligopoly Oligopoly

Oligopoly

Oligopoly

Type I

n Type II

I

I

II

II
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HHI

HHI≥

3000≥

1800≥

1400≥

1000>

500 >

0—10000

3000

HHI≥

HHI≥

HHI≥

HHI≥ 500

HHI

1800

1400

1000

2.2 Analysis of concentration ratio in Chinese ports and Yangtze River Delta
port group

2.2.1 Calculation of two indexes
When calculating CRn , the selection of n value is different. In port industry, market
share is controlled by several major ports. In this chapter, n value is chosen as 4, 8
and 10. The calculation of market share is based on the throughput of container
terminal.

In order to have a clear understand about the competition of Chinese port industry,
market concentration ratio is calculated and compared by two parts. The selected
research range in this chapter is divided into Chinese coastal port market and the
Yangtze River Delta port group. Considering the availability of port data, the time
span is set up from 2005 to 2013.

To analyze the market structure, HHI is better. Because HHI can avoid some
disadvantages of absolute concentration ratio and have a clear measure of market
competition and monopoly degree. But the calculation of HHI need every port’s data
in each research range strictly, this is obviously not realistic. This chapter use
relevant data while calculating CRn to analyze HHI. Other ports have little market
share which can be neglected.

The results of CRn and HHI of Chinese coastal port market and the Yangtze River
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Delta port group between 2005 to 2013 are listed as follow:

Table 2- 4 CRn and HHI of Chinese coastal port market
Sample

Shanghai port, Shenzhen port, Ningbo-Zhoushan port, Qingdao
port, Guangzhou port, Tianjin port, Dalian port, Xiamen port,
Lianyungang port, Yingkou Port, Zhongshan port, Fuzhou Port

Year

2004

2005

2006

2007

2008

CR4

61.27%

60.54%

58.70%

58.02%

55.60%

CR8

81.31%

81.01%

79.83%

79.78%

77.48%

CR10

83.99%

83.76%

82.47%

83.20%

81.42%

HHI

1293.30

1261.30

1175.61

1144.44

1041.37

Year

2009

2010

2011

2012

2013

CR4

53.76%

53.29%

50.70%

49.31%

47.02%

CR8

77.12%

76.16%

73.50%

73.15%

71.24%

CR10

81.73%

81.13%

78.92%

78.74%

76.90%

HHI

982.01

958.54

873.38

838.43

778.87

Data sources: China Ports Year Book--Container Ports of China
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Figure 2- 1 CRn of Chinese coastal port market

Figure 2- 2 HHI of Chinese coastal port market

Table 2- 5 CR 4 and HHI of Yangtze River Delta port group
Sample

Shanghai port, Ningbo-zhoushan port, Lianyungang port, Nanjing
port

Year

2004

2005

2006
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2007

2008

CR4

91.14%

91.69%

91.79%

91.16%

89.79%

HHI

5150.46

4984.32

4659.64

4353.24

3970.23

Year

2009

2010

2011

2012

2013

CR4

89.41%

86.91%

85.50%

85.14%

84.87%

HHI

3802.83

3487.84

3255.83

3121.79

2923.06

Data sources: China Ports Year Book--Container Ports of China

Figure 2- 3 CR 4 of Yangtze River Delta port group
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Figure 2- 4 HHI of Yangtze River Delta port group

2.2.2 Results Analysis
This paper selected 10 years data from 2004 to 2013 which is based on the
throughput of top 10 container ports and total Chinese port. Table 2-4
shows CR 4 , CR8 , CR 10 and HHI of Chinese port industry. From the results, it is
clear that CR 4 , CR8 and CR 10 decreases every year. This means the absolute
market concentration and monopoly power of this industry reduced year by year. The
degree of competition is increasing. The market share of big ports is transferring to
small ports step by step. CR 4 changes from 61.27% to 47.02%. CR8 changes
from 81.31% to 71.24%. According to the Bain classification of industry
concentration, the competition structure of Chinese port industry transfers from high
concentration to medium concentration. This industry is likely an oligopoly recent
years. From 2004 to 2008, HHI is between 1000 and 1400 which means Chinese port
industry is under the structure of low oligopoly II. After 2008, HHI decreases and the
value is below 1000, this reflects that port industry belongs to competition type I.

Similarly, Table 2-5 shows CR 4 and HHI of Yangtze River Delta port group. The
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competition environment of this region is also oligopoly, because CR 4 is 85% in
recent years. HHI is around 3000 which indicates this port group has a market
structure of high oligopoly II.

There are two main reasons why the market concentration ratio of Chinese port
industry decreases gradually: 1) Chinese government liberalizes port market
gradually. And the enthusiasm of investing small and medium-sized ports is rising. 2)
In addition to the traditional powerful ports, such as Shanghai port, Ningbo port,
Dalian Port and so on, the development of some small-sized ports are fast. Suzhou
port and Rizhao port take part of the throughput of large ports.

22

3 ANALYSIS OF COMPETITION DEGREE OF YANGTZE RIVER DELTA
PORT GROUP: BASED ON PANZAR-ROSSE MODEL

Non-Structural Panzar-Rosse Model is introduced in this chapter to analysis the
market of the Container Terminals in the Yangtze River Delta. We choose the
appropriate variables to build the Panzar-Rosse model in the context of container
terminal. All the core contents of this paper are introduced in both Chapter 3 and
Chapter 4.

3.1 Summary of Panzar-Rosse Model
Bain industrial structure analysis, Entry and Exit barrier, Product Differentiation,
Economies of Scale are the common structural methods used in the existing
literatures to study the market structure of Container Terminals. All these methods
can show the changes of industry competition in the recent years. But competition
condition cannot be described precisely. Non-structural methods now are widely
employed in the foreign literatures, especially the Panzar-Rosse Model.

Panzar and Rosse first proposed a non-structural method to distinguish between
perfect competition and monopoly, oligopoly market. All the inputs data are from
inside competition corporations and they must go through the Long-term equilibrium
test. They also proposed an H statistic which comes from the reduced-form revenue
equations to show the competition condition of one certain market and the elasticity
of total revenues with respect to changes in factor input.

3.1.1 Panzar-Rosse Model
Panzar-Rosse Model is a non-structural method which has been widely used in New
Industrial Organization Theory. Panzar and Rosse proposed it in 1977 and improved
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it both in 1982 and in 1987. It is a practical application derived from the conclusion
of relationship between the cost and income of micro-elements. It adopts
comparative static analysis method to find the competition condition by analysis the
elasticity between the cost and the revenue of a corporation from the point of view of
business management under the condition of maximizing the profit.

Panzar-Rosse Model is based upon the following four assumptions:
1. The aim of all the firms is to maximize profit;
2. Firms are in the state of equilibrium in the long-term market;
3. The behavior of one single firm will be subject to the behavior of the whole
market (Only if there was only one firm, this assumption fails);
4. All the firms share the same cost structure which conforms to Cobb Douglas
Production Function that returns to scale is constant.

To build Panzar-Rosse Model, we start with profit function. Ri represents the
marginal revenue for firm i; yi represents the revenue for firm i, which is the
production of firm i; zi represents the exogenous variable which has an effect on
the income function; Ci represents the marginal cost for firm i; wi represents the
exogenous variable of m kinds of price of production means for firm i; ti represents
the exogenous variable which affects the cost function; yi represents the degree of
output for firm i which subjects to sale price, advertising cost and quality standards.
After all these we get the following formula:
（3-1）
If we assume that the cost of one firm depends on yi , we can get the next formula:
（3-2）
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For any firm, profit function can be gotten like this:
（3-3）
Every firm wants to achieve the balance at the market level. If firm n wants to get
the perfect balance that marginal revenue shares the same amount with marginal cost,
we get can this:
（3-4）
Proportional increase of price of input factors is receivable in the Panzar-Rosse
Model

and

is

recorded

w

from

to

( h  0 ).

(1  h) * w

We

name

to represent the degree of production when
maximizing

the

profit

function:

.

And

we

also

name

to represent the degree of production when
. If we use R* to represent

maximizing the profit function:
reduced form for income equation, we will get

and

.
After all these preparation, we define the following formula:
（3-5）
For the reason that cost C is under the system of homogeneous linear equation, we
can rewrite the formula 3-5 to the following form:
（3-6）
Following the same inference, we can get the following formula:
（3-7）
If we multiply (1  h) on the both sides of formula 3-7 and add the result to formula
3-6, we will finally get formula 3-8:
（3-8）
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We go on dividing (h2 ) and get formula 3-9:
（3-9）
We can easily see that the income will decrease when cost proportionally increases.
If we assume that reduced form for income equation ( R* ) is differentiable, we will
get the market competitiveness H statistic when we make h approaching 0.

（3-10）
We can get such sense from formula 3-10 that market competitiveness is summation
of per-change of m kinds of input factors. We can also call the per-change the
sensitivity of equilibrium income of per-change of the price of one certain input
factor. If the prices for input factors stay the same, the structure for the input factor
will also stay the same. However if the prices increase 1%, both the marginal and
average cost will increase 1% too. And that is the reason why we call H statistics the
rangeability of income of firm i when all the prices for input factors increase 1%.

We can get H (3-12) by virtue of the formula (3-11) which is an equation of linear
regression (assuming only three input factors).

（3-11）

（3-12）
All the annotations for the variables are as follows. Ri ,t represents the revenue for
firm i at time t . w j ,i ,t represents the price for input factor j which firm i need to
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input at time t. When it’s hard to get the prices for input factors, we can replace it
with the proportion which we can get by the amount of the input factor dividing the
level of expenditure of the same factor. FSFj ,i ,t represents the exogenous variable
for input factor j which firm i need to input at time t.  i ,t represents the error.

3.1.2 The meaning of H statistics
The range of H statistics is from infinite negative to one. A lot of researchers such as
Panzar, Rosse, Shaffer, Jacob Bikker, Sberrill Sbaffer and Laura Spierdik do vast
studies about the relationship between the value of H statistics and the structure of
certain market. Detail information can be found in Table 3-1.

Table 3- 1 The Meaning of H statistics
Test for Market Competition
Assumption: maximizing profit
Value of H

Market Competition Condition

Characteristics of Market

Complete Monopoly Market, Fully Profit or income of firms
Collusion,

Demand

greater

than is free of the decision of

Supply

competitor.

Short Term Oligopoly Market

Profit and income of

Monopolistic

Competition

Market, firms is subject to the
decision of competitor.

Free Entrance
Perfectly competition market
Natural

Monopoly

on

Perfect

contestable market

H statistics is gotten under the condition of Revenue Equivalence. Panzar and Rosse
conclude that if H is negative, both total income and equilibrium output will
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decrease when prices of input factors increase. And that’s the reason why firms can
share the same pricing strategy with the firms in the monopoly market or in the fully
collusion market. Demand is greater than supply in both market conditions. However,
when H is positive and less one, the market will be monopolistic competition market.
With the increase of prices of input factors, some enterprises will be forced to stay
out of the market. After the re-structuring, demand for the rest enterprises will
increase and both cost and total income will increase too. On the other hand, if H is
greater than 1, all the enterprises are in the environment of perfect competition
market. Marginal cost, average cost, marginal revenue and average revenue are all
the same in this condition and total income is free with the prices of input factors.

3.1.3 Characteristics of Panzar-Rosse Model
After vast literature searching, we find the conclusion that there are several studies
about Panzar-Rosse Model in the financial industry but few research in the port
industry. Now Panzar-Rosse Model is the most popular model which researchers use
to evaluate the market competition condition. Some advantage which contribute to
its’ good reputation are as follows.

When we do our research with Panzar-Rosse Model, we do not focus on one relative
market. All this is for the reason that behavior of one certain enterprise represents the
total market condition. What’s more, the input data (including the income and prices
of input factors) for Panzar-Rosse Model is from one of the enterprises but not the
equilibrium price or some information from some certain enterprise. All the
dependent variables for the Panzar-Rosse Model are the income indexes which can
be easily gotten and the independent variables are the prices of the relevant input
factors,
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In addition, Bresnahan –Lau Model (one of non-structure methods) is asked to show
the anti-competitive tendency. Panzar-Rosse Model, on the other hand, is
comparatively comprehensive. Both SCP and Bresnahan-Lau Model use simple
index about market structure or market power to get market competition condition
indirectly. Panzar-Rosse Model get market competition condition directly through H
statistics which can avoid the error when we make inappropriate market positioning.

The disadvantage of Panzar-Rosse Model is that market should satisfy four
assumptions, especially the one that the market must be under long-term equilibrium.
We can check each single condition for market equilibrium to make sure that all the
assumptions are acceptable.

Consequently, it is a good choice to choose Panzar-Rosse Model to analysis the
competition structure of container ports in the Yangtze River Delta.

3.2 Variables selection in Panzar-Rosse Model for Container Terminal limited
Corporations
Although Panzar-Rosse Model is quite popular, there are still arguments about the
selection of independent variables and dependent variables. The selected variables
are quite sensitive. Different variables will infer different results. After doing a vast
researches on the papers, we try to find the appropriate variables to build the suitable
Panzar-Rosse Model to evaluate the market of container terminals.

3.2.1 Selection of dependent variables in Panzar-Rosse Model
Panzar-Rosse Model has two forms: price equation and income equation. Price
equation is always the first choice for the most studies of financial industry. Relative
income (profit /total asset or total income/total asset) will always be chosen as
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dependent variables. Bikker and Groeneveld (2000) chose price equation and used
the return on assets as dependent variable to evaluate the banking markets in 2000.
Clacsscns and Lacven (2003) followed the same tradition in 2003.

On the other hand, income equation is also an option and absolute income (profit or
total revenue) is always be chosen as dependent variable. Nathan and Neave (1989)
adopted income equation when they studied the banking market of Canada and chose
absolute income (total income –loan loss provision) as dependent variables. Christa
Sys, Hilde Meersman and Eddy Van De Voorde (2011) followed the income equation
assumption and took the operating revenue of container department as dependent
variable to study the market of container transportation industry.

Some researchers found an interesting fact that price equation would result serious
simultaneity bias. What’s more, Jacob Bikker, Laura Spierdiik and Paul Finnie (2006)
proved the fact that theoretical value of H statistics for both monopoly and oligopoly
is always 1. The structure of target market is distortion in this case and that is the
reason why H is being over estimated. After evaluating 10,000 banks from 100
countries, the result under income equation is 0.504 which is less than the result
(0.742) under price equation. In addition, if we add total assets and total deposits to
control variable, the distortion will reproduce. All these research indicates that price
equation cannot reflect the real condition.

To avoid the distortion produced by price equation and get the exact competition
condition, we decide to adopt income equation system to evaluate the container
terminals market. And we will also choose total revenue to be the dependent
variable.
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3.2.2 Selection of independent variables in Panzar-Rosse Model
The independent variables of Panzar-Rosse model are divided into four parts: The
cost of capital rate, the cost of fund rate, the cost of labor rate and other control
variables.

After the analysis of existing domestic and foreign literatures, selected variables of
each literature are different, but the thought is the same. Considering the
characteristics of port industry, operation expenses/container throughput can reflect
the cost of capital rate which is the input price of firm operation. Non-operation
expenses /total asset can replace the cost of fund rate. Labor expenses/number of
employees is the cost of labor rate. In addition, there are two kinds of control
variables: risk variables and scale effect variables. In this paper, equity/total asset is
selected which can reflect the condition of risk taking. Business characteristic of
scale effect variables is reflected by container throughput/number of container
cranes.

3.3 Model specification for Container Terminal limited Corporations
According to the Panzar-Rosse model of formula 3-11, combined with the income
equation, regression model of container terminals in Yantze River delta is established
as followed (competitive test model):

(3-13)
The meaning of independent variables:
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is the turnover (income) of container terminal corporations i at the year t;
represents the input price of firm operation, which equals operation
expenses/container throughput;
represents the input price of firm capital, which equals non-operation
expenses/total asset;
represents the input price of labor cost, which equals labor expenses/number of
employees;

Two control variables:
reflects the difference of risk taking, it equals equity/total asset;
reflects the condition of firm operation, it equals container throughput/number
of container crane;

Finally,
(

is a random disturbance variable, it follows the normal distribution
). i means container terminal corporation i. t means at the year t.

All variables should be changed to logarithm. This mathematical operation can
weaken the multicollinearity, heteroscedasticity and non-stationary of time series
data to some extent.

3.4 Model specification for equilibrium test
In previous chapter, we introduced Panzar-Rosse Model to evaluate the competition
condition. We also did substantial researches on both theoretical background of
Panzar-Rosse Model and the variables chosen to build the Model. Then we introduce
some relative indexes to evaluate competition condition roughly. There are also four
conditions we must follow to make sure the accuracy of the Panzar-Rosse Model for
container terminals.
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Maximizing the profit is always the goal of all the container terminals whether they
are under oligopoly market or not. All the container terminals react with each other
and the cost structure of these container terminals are homogenous. All the above
characteristics are the basis of evaluation of competition condition. H statistics can
be gotten by calculating the elasticity between the total income and the prices of
input factors which come from Cobb Douglas Production Function. So Panzar-Rosse
Model evaluates the relationship between the input and output of all the enterprises.
Competitive inspection is also the evaluation of the Cobb Douglas Production
Function.

Since the key assumption of Panzar-Rosse Model is that the target market is under
long-term equilibrium which guarantee that yield rate is free to the input price.
Long-term equilibrium test bases on regressive computation. We can do this by
replacing the dependent variable Ri ,t in formula 3-1 with some indexes related to
income such as Rate of Assets (ROA). Claessens and Laeven replaced the dependent
variable with (1+ROA) to avoid the possibility that ROA may be negative.

Formula 3-14 is the linear regression model for equilibrium test.

(3-14)
We use E (3-15) to represent the summation of elasticity between ROA and price
of each input factor.
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(3-15)
The condition of long-term equilibrium is that E is equal to 0. Detail classifications
of both E statistics and H statistics can be found in Table 3-2.

Table 3- 2 Standard for Equilibrium Test
E statistics

Characteristic of Target Market

Non equilibrium

No barriers to entry

Equilibrium

Free Market,
No profit
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4 EMPIRICAL IMPLEMENTATION OF PANZAR-ROSSE MODEL FOR
CONTAINER TERMINAL LIMITED CORPORATIONS

After the variables selection and establishment of Panzar-Rosse model, this chapter
will proceed the empirical test and research of the container terminals limited
corporations in Yangtze river delta.

4.1 Sources of data and sample analysis

4.1.1 Sources of data
When establishing the Panzar-Rosse model, all the related data is based on the firm
level. Therefore, original financial data of the sample firms comes from the annual
reports published in the official website, China ports year book (2007-2012) and
other related news, books.

The research subject is the container terminals limited corporations in Yangtze River
delta. These companies are the subsidiary corporation of related port enterprise. And
they provide domestic and international container handling, storage, transit,
distribution, container cleaning and repair, removable box, freight station and port
transportation, related technical consulting and information consulting services. The
main service that container terminal limited corporations provide is container
loading and discharging of international and domestic shipping route.

Considering the availability of original data, some companies cannot be involved in
the model. For example, SIGP Zhendong Branch is deleted because the financial
data is not available in annual report. Finally, 9 Container terminal limited
corporations, which can represent Shanghai port, Ningbo port and Lianyungang Port,
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are selected to be the sample of Panzar-Rosse model. Table 4-1 shows the details.

Table 4- 1 Information of 9 sample companies
Company

Related Ports

Shanghai Pudong International Container Terminal Co. Ltd.

Shanghai Port

Shanghai East Container Terminal Co. Ltd.

Shanghai Port

Shanghai Mingdong Container Terminal Co. Ltd.

Shanghai Port

Shanghai Shengdong International Container Terminal Co. Ltd.

Shanghai Port

Shanghai Guandong International Container Terminal Co. Ltd.

Shanghai Port

Ningbo Beilun International Container Terminal Co. Ltd.

Ningbo Port

Ningbo Beilun Second Container Terminal Branch

Ningbo Port

Nanjing Port Longtan Container Co. Ltd.

Nanjing Port

Lianyungang New Oriental International Container Terminal

Lianyungang

Co. Ltd.

Port

4.1.2 Sample analysis
In order to have a further understanding of the characteristics about the research
objects, before building Panzar-Rosse model, collating and analyzing the financial
data of 9 container terminal corporations is important.

According to the collected original data, selected variables can be calculated. All the
data is based on panel data which have the structure of three-dimensional (section,
period, variable). Panel data has the advantage of accurate analysis about the
relationship between economic variables. In the Panzar-Rosse model, the data is a
combination of time series and cross section, which represents annual time series of
several indexes about many corporations. Table 4-2 is a descriptive statistics of
variables.

36

Table 4- 2 Descriptive statistics of variables
PO

PC

PL

EQTA

TC

Revenue

ROA

Mean

0.17876

0.15053

0.13707

0.52210

23.2222 177410.3 0.20753

Median

0.18628

0.10035

0.13911

0.55404

24.5000 122580.8 0.11954

Maximum 0.29990

0.45201

0.20595

1.58170

38.0000 670086.0 0.73485

Minimum 0.08786

0.01691

0.07000

0.09026

8.00000

24986.0

0.03109

Std.Dev. 0.04015

0.12100

0.04035

0.23686

7.53774

168968.

0.20101

4.2 Empirical test of Container Terminal limited Corporations
The empirical test is divided into two parts: competitive test and equilibrium test. In
this paper, the result of Panzar-Rosse model is solved by software Eviews 6.0.

4.2.1 Empirical results
The solution of panel data in Panzar-Rosse model has two important step: unit root
test (determine whether the data is stationary) and confirming the estimation method
of Panzar-Rosse model (random effect, fixed effect or mixed effect). In Eviews 6.0,
we should first set up a working file of pool type and import the collected data, then
start these two steps.

4.2.1.1 Unit root test
Before the regression of panel data model, unit root test should be carried on to
judge the stability of the data. This is a very important step. Some non-stationary
time series data can sometimes show the same trend, but there is no direct
relationship between these data. R square is high in the regression, but the result
does not have practical significance. This is called false or spurious regression. To
avoid this kind of situation and ensure data is smooth, unit root test is the most
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commonly used method.

Table 4-3 is a unit root test on the original data (before the procedure of logarithm).
The null hypothesis is that panel data exists unit root. The alternative hypothesis is
that there is no unit root for panel data. The results showed that, P value is less than
the significance level (0.05). The null hypothesis is rejected which means the test is
pass and the data is stationary.

Table 4- 3 Unit root test
Cross-sections：No.98
Null hypothesis: Unit root (assumes common unit root process)
Method

Statistic

P value

Observation

Levin, Lin & Chu t*

-11.5271

0.000

315

Null hypothesis: Unit root (assumes individual unit root process)
Method

Statistic

P value

Observation

Im, Pesaran and Shin W-stat

-0.86240

0.0194

315

ADF - Fisher Chi-square

167.811

0.0076

315

PP - Fisher Chi-square

244.756

0.0000

315

4.2.1.2 Selection of Estimation Method
Panel Data Model has three kinds of estimation model which is mixed effect model,
fixed effect model and random effect model. Mixed effect Model bases on the
assumption that there is no significant difference among each enterprise from the
perspective of time and cross section. So it is acceptable to mix all the data and use
least square method to estimate the parameters on the assumption that all the
enterprises share the same intercept and slope. Both fixed effect model and random
effect model assume that different enterprises at different time have different
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intercept in the estimating equation. However error terms are related to fixed effect
model. But in random effect model, this relationship does not exist.

If we just want to analysis the sample data directly, we should choose fixed effect
model without hesitation. If we want to deduce the population effect by sample data,
it is a good choice to use random effect model. It is always wise to define which
exactly form the Panel Data is by paired comparison of the three models. In general,
we use F-test to distinguish between mixed effect model and fixed effect model.
Hausman test is the best choice to differ fixed effect model and random effect model.
And Breusch & Pagan Lagrange multiplier test is always chosen to differentiate
mixed effect model and random effect model. The data we used when doing these is
after the procedure of logarithm.

First, compare mixed effect model with fixed effect model. We should build up fixed
effect model in pool estimation of Eviews 6.0 and choose Redundant fixed
effects—Likelihood Ratio. As is shown in Table 4-4, Null hypothesis is that there is
no fixed effect in panel data. The alternative hypothesis is that fixed effect exists.
The result shows that P value is under significance level (0.05), null hypothesis is
rejected which means fixed effect model is better than mixed effect model.

Table 4- 4 F test under fixed effect model
Redundant Fixed Effects Tests
Effect Test

Statistic

d.f.

P value

Cross-section F

297.8342

(8,40)

0.0000

Cross-section Chi-square

221.6024

8

0.0000

Then, compare fixed effect model with random effect model. We should build up
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random effect model in pool estimation of Eviews 6.0 and choose Correlated
Random Effects—Hausman Test. As is shown in Table 4-5, Null hypothesis is that
there is random effect in panel data. The alternative hypothesis is that fixed effect
exists. The result shows that P value is under significance level (0.05), null
hypothesis is rejected which means fixed effect model is better than random effect
model.

Table 4- 5 Hausman Test under random effect model
Correlated Random Effects - Hausman Test
Test Summary

Chi-Sq. Statistic

Chi-Sq.d.f.

P value

Cross-section random

29.4805

5

0.0000

After the paired comparison of these three models, fixed effect model is the best. As
a follow up, the competitive test and equilibrium test of Panzar-Rosse model are
based on fixed effect model.

4.2.2 Result and Interpretation of long-term equilibrium test
Whether the container terminal corporations are in long-term equilibrium is the most
important condition when establishing Panzar-Rosse model. The criterion of
judgment is whether the F statistic in Wald test can pass the test. Wald test is used to
judge whether the results that model fitted can meet the condition of coefficient
constraints. This means establishing the unconstrained model first, getting the
estimated value of coefficient, and then substituting into constraints to test whether
the condition is held.

The specific process of operation in Eviews is making a regression of pool data
according table 4-6, then proceeding Wald test. The constraint is c (1) +c (2) +c (3)
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=0 which means the sum of elasticity of Roa to each input price equals zero (Market
is under long-term equilibrium). Table 4-7 and 4-8 show the result.

Table 4- 6 Model specification for long-term equilibrium test
Model specification of long-term equilibrium test in Eviews
Dependent variables

1+ROA

Independent variables

PO, PC, PL, EQTA, TC

Estimation method

Cross-section: Fixed effect

Estimation settings

LS-Least Squares(and AR)

Sample

2007-2012

Table 4- 7 Regression result of long-term equilibrium test
Total pool(balanced) observations：54
Variable

Coefficient

Std. Error

T-Statistic

P value

C

0.147619

0.131012

1.126755

0.2666

PO

-0.012385

0.037889

-0.326865

0.7455

PC

0.020330

0.038180

0.532475

0.5973

PL

-0.006401

0.058347

-0.109703

0.9132

EQTA

-0.011801

0.048403

-0.243807

0.8086

TC

0.010043

0.032300

0.310937

0.7575

Table 4- 8 Wald test of equilibrium test
Wald test
Test Statistic

Value

df

P value

F-statistic

1.6135111

(1,40)

0.2113

Chi-square

1.6135111

1

0.2040

Null Hypothesis Summary:
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Normalized Restriction（=0）

Value

Std. Error

C(1)+C(2)+C(3)

0.155564

0.122468

Restrictions are linear in coefficients.

E statistic= (-0.012385) +0.020330+ (-0.006401) = 0.001544

The original assumption of Wald test is that E (E=c (1) +c (2) +c (3)) is equal to zero
and P value of F statistic is greater than significance level (0.05). The E statistic we
got for container terminals is quite close to 0 which means we can accept the original
assumption that the market of container terminal is under long-term equilibrium. So
we can apply Panzar-Rosse Model to the market of container terminal.

4.2.3 Result and Interpretation of competitive test
The previous analysis show that Panzar-Rosse Model is suitable for the market of
container terminal. Similarly with equilibrium test, the result of H statistic can be
calculated according to the coefficient of regression. Table 4-9 shows the model
specification of competitive test. The constraints of Wald test is set as
c(1)+c(2)+c(3)=0 and c(1)+c(2)+c(3)=1 which means the market is under monopoly
and perfect competition.

Table 4- 9 Model specification for competitive test
Model specification of competitive test in Eviews
Dependent variables

Revenue

Independent variables

PO, PC, PL, EQTA, TC

Estimation method

Cross-section: Fixed effect

Estimation settings

LS-Least Squares(and AR)
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Sample

2007-2012

Table 4- 10 Regression result of competitive test
Total pool(balanced) observations：54
Variable

Coefficient

Std. Error

T-Statistic

P value

C

9.166987

0.386465

23.72012

0.0000

PO

0.0869800

0.111766

7.782364

0.0000

PC

-0.0315996

0.112623

-2.805778

0.0077

PL

0.054064

0.172115

0.314117

0.0551

EQTA

-0.291335

0.142782

-2.040420

0.0479

TC

1.040167

0.095279

10.91703

0.0000

R-squared

0.994957

Adjusted R-squared

0.993318

Table 4- 11 Wald test of competitive test
Wald test(a)
Test Statistic

Value

df

P value

F-statistic

2.40392

(1,40)

0.1391

Chi-square

2.40392

1

0.1025

Normalized Restriction（=0）

Value

Std. Error

C(1)+C(2)+C(3)

0.20791

0.231261

Null Hypothesis Summary:

Restrictions are linear in coefficients.
Wald test(b)
Test Statistic

Value

df

P value

F-statistic

582.7343

(1,40)

0.0000
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Chi-square

582.7343

1

0.0000

Normalized Restriction（=0）

Value

Std. Error

-1+C(1)+C(2)+C(3)

8.720791

0.361261

Null Hypothesis Summary:

Restrictions are linear in coefficients.

H statistic=0.0869800+(-0.0315996)+ 0.054064=0.10944

The regression result of competitive test shows that R-square is higher than 80%
which means the fitting result is great. Independent variables can explain dependent
variables to a great extent. The result of H statistic is 0.10944. The increase of input
price will lead to the raise of revenue in a low degree. Wald test (a) shows that null
hypothesis should be accepted (H=0) because P value is greater than significance
level (0.01). Wald test (b) shows that null hypothesis should be rejected (H=1)
because P value is less than significance level (0.01).This means the competition
structure of container terminal corporations is nearly a short-run conjectural
variation oligopoly. This conclusion is the same with the results of structural method.
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5 CONCLUSION AND PROSPECT
This chapter will make a summary according to the above analysis, put forward the
deficiencies of this paper and the prospect of future research.

5.1 Research conclusion
This paper makes an empirical research of the competition about container terminal
in Yangtze River Delta. The main conclusion is listed as follow:

First, the traditional structural method is applied. The calculation of market absolute
concentration ratio and HHI show that Yangtze River delta port group has a market
structure of high oligopoly II. The competition degree decreased gradually.

Second, in equilibrium test, the E statistic for container terminal corporations is quite
close to 0 which means the original assumption is accepted. The market of container
terminal is under long-term equilibrium. Panzar-Rosse model is suitable for this
market.

Third, H statistic of Panzar-Rosse model reflects the total elasticity of three input
price according to the reduced-form revenue equation. The result is 0.10944 and
quite near 0. The competition structure of container terminal corporations is nearly a
short-run conjectural variation oligopoly.

5.2 Research prospect
There are still some problems during the whole study. First, there are no
acknowledged criterions which we can follow to choose the appropriate variables.
Although we based on reduced income equality, there may still be some error. On
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one hand, the variables we choose must reflect the exact industry. One the other hand,
we should take the availability of these data of these variables into account. So there
may be some improvements we can do about this model.

Second, the number of the enterprise is not quite sufficient. We only choose 9
container terminals for the reason that the data of this chosen market are relatively
comprehensive. Some container terminals that account for high market share are not
be chosen for the reason that some input data cannot be gotten. A lot of research can
be done to expand the sample to reflect the competition condition of container
terminal more comprehensively.
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